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ABSTRACT 


A  fundamental  investigation  was  made  of  organic  fluids 
able  to  displace  thin  layers  of  water  from  metals  by  a 
preferential  wetting  mechanism.  The  preferred  fluids  of 
this  class  are  combined  with  small  concentrations  of  rujt 
inhibitors  of  the  polar  type  in  order  to  improve  protective 
and  rust-preventive  properties.  Finally,  addition  of  traces 
of  antioxidants  is  shown  to  be  effective  in  giving  an  in¬ 
creased  storage  stability  to  the  fluids. 

Comparisons  are  given  of  the  new  fluids  with  the  com¬ 
mercially  available  materials.  Applications  to  the  re¬ 
conditioning  of  electric  motors,  generators,  and  starters 
a  ■  described,  and  a  variety  of  other  military  and  indus- 
\  ial  uses  are  indicated.  Some  of  the  most  promising  of  the 
new  compositions  are  recommended  for  service  tests. 

PROBLEM  STATUS 

This  is  an  interim  report;  further  work  is  contemplat¬ 
ed  in  cooperation  with  interested  Bureau  activities. 

AUTHORIZATION 

NRL  Problem  No.  C02-01R  (BuShips  Project  No.  414/46). 
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WATER-DISPLACING  FLUIDS  AND  THEIR  APPLICATION 
TO  RECONDITIONING  AND  PROTECTING  EQUIPMENT 


I.  INTRODUCTION 

After  conptr tmrnti  within  ships  have  been  flooded,  it  ii  often  neces- 
•ary  to  replace  or  recondition  wet e r- looked  equipment.  At  the  present  time 
the  reconditioning  is  done  by  using  the  materials  and  methods  described  in 
Bureau  of  Ships  Circular  Letter  No.  9a  dated  14  September  1944  and  entitled 
'*  In* t rue t i ona  for  Reconditioning  Electrical  Equipment  which  hat  been  Sub- 
merged  in  Sea  Water."  The  rapid  restoration  of  the  equipment  to  operability 
at  least  for  a  short  time  is  a  minimum  requirement  to  care  for  naval  emer¬ 
gencies.  The  ultimate  goal,  however,  it  a  simple  procedure  which  would  per¬ 
mit  a  permanent  restoration  of  equipment.  It  is  particularly  desirable  to 
be  able  to  recondition  flooded  equipment  without  dismounting  or  dismantling 
it. 


The  present  reconditioning  method  involves  (a)  displacing  the  sea  water 
and  the  soluble  salts  contained  therein  by  flushing  with  tap  water  (or  dis¬ 
tilled  water),  (b)  displacing  the  tap  water  from  the  surface  of  the  metal  and 
nonmetallic  parts  of  the  electrical  equipment  by  a  noninjurious  fluid,  and 
(c)  treating  the  metal  parts  to  prevent  further  corrosion  without  injuring 
the  electrical  performance.  Experience  has  shown  that  success  in  preventing 
corrosion  depends  upon  complete  removal  of  the  salts  and  upon  promptness  In 
applying  the  rust  preventive  after  reatoval  of  the  equipment  from  the  water. 

A  similar  but  simpler  problem  is  encountered  when  torpedoes  are  given 
trial  runs.  After  each  run  the  torpedo  is  hauled  out  of  the  tea,  whereupon 
a  quick  treatment  with  a  wat e r* d I spl ac i ng  compound  end  rust  inhibitor  is 
advantageous  in  preventing  rutting.  The  material  used  is  one  of  a  number  of 
commercial  preparations  made  to  conform  to  Navy  Department  Spec i f I c st i on 
S2-C- 19. 


The  present  electrical  practice,  described  in  the  above  referenced  Cir¬ 
cular  Letter  No.  9a,  involves  the  use  of  Navy  Specification  52-C-19  Grade  III 
Compound.  Fust  Preventive,  Thin  Film  (Poler  Type).  The  commercial  materials 
supplied  under  this  specification  have  been  reported  to  be  variable  in  per¬ 
formance.  They  are  often  toaic,  they  are  very  flammable  (flash  point  speci¬ 
fied  not  less  than  100°F),  they  often  seriously  attack  paint  and  varnish, 
and  they  may  leave  tape  and  fabric  Insulation  soggy  and  sticky— faults  due  largely 
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to  the  aromatic  hydrocarbon  fraction  in  the  petroleum  solvents  or  diluents 
commonly  used. 

In  this  investigation  a  fundamental  study  has  been  made  of  the  mechan¬ 
ism  of  action  of  water-displacing  fluids,  and  thereafter  it  was  attempted  to  develop  a 
number  of  improved  fluids  suitable  for  electrical  and  mechanical  use.  Finally, 
applications  have  been  made  on  a  laboratory  scale  to  the  reconditioning  of 
several  electrical  motors  which  had  been  submerged  in  synthetic  sea  water. 


II.  THEORETICAL  ASPECTS 

A.  The  Problem  of  Rust  Inhibition 

The  surface  of  a  metal  can  be  protected  from  water  by  a  coating  of  a 
water-repellent  film.  Although  coatings  of  hydrocarbon  waxes  or  fluids  are 
water  repellent,  they  do  not  adhere  long  because  the  water  eventually  dis¬ 
places  them  to  wet  the  metal  preferentially.  If  certain  types  of  high- 
mo  1  e  cu  1  a  r  -  we  i  gh  t  polar  compounds  are  added  to  the  wax  or  fluid,  this  displace¬ 
ment  by  wi ter  cannot  occur.  Research  in  this  Laboratory  ’’  has  demonstrated 
the  effectivenes  of  these  films  in  inhibiting  corrosion  and  has  shown  that 
the  inhibition  is  due  to  the  formation  of  an  adsorbed  and  oriented  film  which 
is  usually  only  one  molecule  thick.  The  physical  and  colloidal  chemistry  of 
adsorptive  and  protective  mechanisms  involved  was  given  a  fundamental  and  care¬ 
ful  treatment  for  the  first  time,  and  a  thorough  study  was  made  of  the  rela¬ 
tion  between  organic  structure  and  the  rust  inhibiting  property. 


P.  The  Volatile  Solvent  as  Major  Component 

For  the  applications  concerned  here,  polar  rust  inhibitors  must  be 
capable  of  being  brushed  or  sprayed  on  the  previously  submerged  equipment. 

Put  most  of  the  effective  polar  rust  inhibitors  are  either  solids  or  high- 
boiling,  viscous  liquids.  And  for  the  further  reason  that  greasy  or  oily 
residual  coatings  are  undesirable,  the  polar  inhibitor  must  be  dissolved  or 
dispersed  in  a  less  viscous  solvent.  Since  a  monolayer  is  responsible  for 
the  water-displacing  property,  it  is  only  wasteful  to  use  more  additive  than 
necessary  to  form  a  monomo 1  ecu  1  a r  film  on  the  metal  surface.  Indeed,  when 
larger  quantities  are  used,  a  tacky  or  waxy  coating  remains  after  evapora¬ 
tion  of  the  solvent.  And  while  this  film  may  increase  the  resistance  of 
the  metal  to  prolonged  or  severe  exposure,  it  may  also  be  undesirable  other¬ 
wise.  In  any  case,  the  use  of  a  volatile  solvent  tends  to  lower  the  cost  of 
the  treatment. 

An  objective  of  this  research  has  been  to  show  how  to  select  the  most 
suitable  from  among  the  many  available  polar-type  rust  inhibitors.  Of  course, 

H.  R.  Baker  and  W.  A.  Zisman,  “Anti-Rust  Additives  for  Lubricating,  Power 
Transmission,  and  Protective  Oi 1 s ,”  NRL  Report  No.  P-2474,  February  1945. 

2 

H.  R.  Paker  and  W.  A.  Zisman,  Irid.  Eng.  Chem.  ,  40,pp.  2338-  2347,  (  1948). 

3 

H.  R.  Raker,  D.  T.  Jones,  and  W.  A,  Zisman,  Ind.  Eng.  Chem. ,  in  press. 
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the  inhibitor  must  be  cheap;  it  must  be  h i gh- bo i 1 i ng ,  nontoxic  and  non- 
corrosive  to  copper,  brass,  iron,  and  aluminum.  It  must  be  sufficiently 
soluble  in  the  organic  thinr.T  or  solvent.  And  finally  it  must  be  as  harm¬ 
less  as  possible  to  the  common  electrical  insulating  materials. 

Obvious  requirements  for  the  ideal  solvent  or  diluent  are;  (a)  high 
flash  point;  (h)  boiling  point  low  enough  for  sufficiently  rapid  evapora¬ 
tion;  (c)  low  cost;  (d)  nontoxicity;  (e)  little  or  no  attack  on  common  elec¬ 
trical  insulating  materials;  and  (f)  noncorrosiveness  to  iron,  copper,  brass, 
and  nluminum.  It  is  also  evident  that  the  solute  must  remain  dissolved  dur¬ 
ing  long  storage,  and  the  fluid  must  be  sufficiently  oxidation  stable  so  that 
storage  for  years  will  not  cause  the  separation  of  additives  or  the  appear¬ 
ance  of  corrosive  products  (such  as  organic  acids).  A  less  obvious  require 
ment  for  the  solvent  is  that  it  have  the  highest  possible  equilibrium  spread¬ 
ing  pressure. 


C.  Importance  of  the  Equilibrium  Spreading  Pressure 

4 

It  has  been  known  for  years  that  numerous  types  of  amphipathic  polar 
organic  compounds  which  are  insoluble  or  slightly  soluble  in  water  will 
spread  out  over  the  clean,  grease-free  surface  of  water  to  form  a  uniform 
film.  If  the  area  available  is  sufficiently  large,  there  will  result  an 
invisible  layer  one  molecule  thick.  Such  polar  molecules  are  characterized 
by  having  one  or  more  chemically  active  and  wa t e r - a t t r a c t i ng  (hydrophilic) 
groups  at  one  end  of  the  molecule  and  a  chemically  inactive  and  water- 
repelling  (hydrophobic)  portion  at  the  other.  If  present  in  excess  of  that 
needed  to  fully  cover  the  water  surface  with  a  monomo 1  ecu  1  a r  film,  any  film¬ 
forming  (or  su r f ace- ac t  i  ve  )  liquid  compound,  will  form  floating  drops  in 
equilibrium  with  the  monolayer.  Under  these  conditions  the  monolayer  will 
exert  a  constant  spreading  force,  or  two-dimensional  equilibrium  surface 
pressure  F  ,  which  is  cha r a bt e r i s t i c  of  the  compound  at  that  temperature. 
This  pressure  can  be  measured  with  a  Langmuir  surface  pressure  balance  or 
can  be  computed  from  measurements  of  the  surface  tensions  Sw  of  the  clean 
water,  Soa  of  the  spreading  oil,  and  SQw  of  the  interfacial  tension  at  the 
oil-water  interface  by  using  the  well  known  Parkins  relation  41 
F0=Sw-  (Soa+SQW)  ■  When  Fq  is  positive,  the  liquid  will  spread  out  over  the 

water  surface.  When  Fq  is  negative,  the  liquid  will  not  spread  even  on 

clean  water  but  will  float  as  a  lens.  Under  the  latter  conditions  F  can- 

o 

not  be  measured  with  a  hydrophil  balance  but  must  be  computed  from  the  three 
surface  tension  measurements. 


The  term  " amph i p a t h i c”  is  a  unique  one  coined  by  G.  S.  Hartley.  In  his 
work,  ‘‘Aqueous  Solutions  of  Paraffin  Chain  Salts"  (Herman  &  Cjp. ,  Paris, 
1936),  Hartley  defines  the  word  as  meaning  "that  the  ion  has  an  unsymmetri- 
c  a  I  duality  of  affinity,  one  end  being  water-attracting...  and  the  other  hav¬ 
ing  an  antipathy  for  water.” 

4,1  W.  D.  Harkins  and  A.  Feldman,  J.  Am.  Chem.  Soc .  ,  44  ,  pp.  2665-88,  (1922). 
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The  majority  of  the  values  of  Fr  available  in  the  literature,  prior 
to  the  work  reported  here,  were  given  many  years  ago  by  Harkins  and  co¬ 
workers.  ’’  The  equilibrium  spreading  pressure  Fq  is  generally  expressed 
as  dynes  of  force  per  centimeter  of  the  surface  boundaries  experiencing  that 
force.  For  example,  pure  oleic  acid  dropped  on  clean,  distilled  water  at 
25°C  exerts  a  pressure  of  approximately  30  dynes/cm.  Few  liquids  are  known 
with  values  of  Fq  in  excess  of  50  dynes/cm.  Vegetable  oils  and  oxidized 
petroleum  oils  generally  have  values  of  less  than  25  dynes/cm.  In  Table  I 
are  listed  the  equilibrium  spreading  pressures  of  a  variety  of  polar  organic 
1  i  q  u  1  d  a  . 

The  majority  of  the  results  recorded  are  new  and  were  obtained  in  con¬ 
nection  with  war  work  of  this  Laboratory  reported  elsewhere.  ’’  Thej’  were 
obtained  by  the  convenient  and  reliable  method  of  Washburn  and  Keim31’  2,13 
which  avoids  the  necessity  of  painstaking  measurements  of  the  surface  tension 
Son and  the  interfacial  tension  S  .  The  latter  is  very  sensitive  to  purity 

and  is  the  principal  source  of  error  in  the  calculation  of  F  from  the  Harkins 
.  o 

re  1  at i on. 

In  spraying  the  wa te r- d i sp 1  a c i ng  fluid  on  equipment  to  be  preserved, 
the  drops  of  organic  fluid  will  rarely  fall  upon  dry  metal  but  instead  will 
fall  on  the  surface  of  the  adhering  water  layer.  The  higher  the  equilibrium 
spreading  pressure  on  water,  the  more  rapidly  will  the  organic  liquid  spread 
over  the  surface  of  the  water  and  the  more  completely  will  jt  cover  the  water, 
even  in  the  presence  of  floating  insoluble  or  oily  films  which  may  have  con¬ 
taminated  its  surface.  For  a  water-displacing  fluid  to  have  optimum  surface¬ 
covering  powers  it  should  have  the  highest  obtainable  spreading  pressure  on 


W.  D,  Harkins  and  A.  Feldman,  J.  Am.  Chem.  Soc. ,  44 .  pp .  2665-85,  (1922). 

W.  D.  Harkins,  Colloid  Symposium  Monograph  VI,  pp .  17-40,  The  Chemical 
Catalog  Company,  New  York,  1928. 

W.  D.  Harkins,  Alexander's  Colloid  Chemistry,  Vol.  V,  pp .  12-102,  Reinhold, 

1944, 

W.  A.  Zisman  and  D.  L.  Pickett,  “Wetting  and  Spreading  Agents  for  Cleaning 
Water  Surfaces  of  Oil  Films,"NRL  Report  No.  P-1930.  September  1942. 


W.  A.  Zisman  and  D.  L.  Pickett,  "Spreading  Agents  for  Cleaning  Water  Sur¬ 
faces  of  Oil  Films, ”NRL  Report  No.  P-1984,  January  1943. 
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F  i|ii  i  1  l  b  r  I  oiti  Spreading  Pressures  ,  F  ,  of  Various  Folnr  Organic  Materials 
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358.0 

26.  8 

2- Ethyl  ■  1-hexoic  ncirl 

226.0  (b) 

26.  4 

Di- 2-ethyl  hexoate  triethylene  glycol 

370.0 

26.  2 

Tr  i  enpry  1  n 

M.F,  4  to  6 

26.0 

Trinmyl  bo  rate 

220  to  280  (g) 

25.  8 

Ethyl  ricinolente 

193  fi  1  rmi  (rl) 

24.  6 

I-miryl  (X  acetoxy  propionate 

24.  1 

Kicinoleir  ncid  (Tech) 

250 

23.  5 

Tri amyl  citrate 

Dec.  (i) 

23.  0 

2-Chloro-  4-  tert  amyl  phenol 

253- 264  ( i  ) 

22.  6 

Dihutyl  ether 

142.4 

21.0 

Ethyl  myri state 

M.P.  10  to  12 

20.  7 

Octyl  phenoxy  rthnnol 

160-210  0  5  nm  (h) 

20.4 

Di  isobutyl  ketone 

168.  1 

20.  1 

Tri  caproi  n 

228  to  231  &  15  nm  (c) 

20.  1 

Pecy 1 nceta  te 

91  1.5  nm  (  f) 

10.  8 

Pheny 1 undeey! i c  acid 

10.  5 

Neats  foot  oi 1 

10.  0 

Myristic  acid 

250.5  @  100  rrm 

18.  1 

Methyl  1  aura  to 

17.  2 

Triolein 

17.0 

Dihexyl  ether 

226.  2 

16.  6 

Castor  oi 1 

16.  5 

5-Nonano  1 

194.0 

15.0 

Fthylphenyl  stearic  aci< 

212  to  226  (a) 

15.9 

Xylyl stearic  acid 

290  (a'  1.5  nrn  ( a ) 

14.  7 

Xv  1  y  1  unrlecyl  ic  ncid 

.... 

14.4 

2-heptyl- 1-nonanol 

1 1 2  <S  1  mn  (  k  ) 

14.  1 
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TABLE  I  (Con  t.  > 


■ . . . "  . . 

Suhs  t  mice 

Poi 1 ing  Point 
°c  * 

Fo 

dynes/cm  ^  25°C 

Aj«yl  steurntf* 

2 30  to  270  ('■•  JO  mm  (g) 

13.  8 

tecyl  cap  mate 

103  «>  1.  5  mm  (f) 

12.9 

let  r ahydronaphthy 1 s t ear i c  acid 

12.  4 

Rnpeseeri  oil 

10.  s 

Tr i cresyl phosphate 

264  (a  20  mm  (d) 

9.  5 

Amyl  laurate 

126  1. F  mm  ( f) 

8.  9 

Methyl phenyl  undecylato 

8.0 

Le Rend 

(a)  Department  of  Agriculture,  Eastern  Regional  Resenrch  Laboratory  (Dr.  A.  J.  Stirton) 
(t>)  Carbide  and  Carliori  (liemicnls  Corp.  ,  Syntlietir  Organic  Chemicals,  12tb  Fd.,  1945 

(c)  Eastman  Kodak  Co. ,  Eastman  Organic  Chemicals.  2cth  Fd. ,  1946 

(d)  Fiske  University,  Department  of  Chemistry  (Dr.  St.  Flmo  Prady) 

(e)  Given  Products  Co..  Cdyco  Chemicals,  1946 

( f)  University  of  Illinois,  Department  of  Chemistry  (Dr.  C.  S.  Marvel) 

(  g)  Tlie  Reinhold  Publishing  Co.,  The  Condensed  Chemical  Dictionary,  3rd  Fd.  ,  1942 

(h)  Rohm  and  Haas  Ctiemical  Co.  (Dr.  Virgil  Ware) 

(i)  Sharpies  Chemical  Co.,  Synthetic  Organic  Chemicals,  11th  Ed.,  1939 
(k)  University  of  Wisconsin,  Department  of  Chemistry  (Prof,  homer  Adkins) 

Unless  otherwise  stated  the  data  was  obtained  from  The  Chemical  Rubber  Handbook  of 
Chemistry  and  Physics,  30th  Fd. ,  19^7. 
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water  and  a  minimum  viscosity.  A  considerable  advance  should  be  possible  by 
using  as  a  solvent  for  the  wa t e r - d i s p 1 ac i ng  fluid  one  of  the  more  surface- 
active  polar  compounds  of  Table  I  rather  than  one  of  the  hydrocarbons  or  mix 
tures  of  hydrocarbons  of  Table  II. 


D.  Water  Solubility  vs.  Preferential  Wetting  of  Metals 

Even  after  it  has  completely  spread  over  a  steel  plate  covered  with 
water,  the  polar  liquid  will  be  unable  to  displace  the  water  unless  (a  )  it 
can  submerge  or  dissolve  or  otherwise  penetrate  to  some  extent  down  into  the 
water  layer,  (b)  the  polar  molecules  dissolved  or  dispersed  in  the  water  can 
reach  or  diffuse  to  the  metal  surface,  and  (c)  the  polar  molecules  reaching 
the  metal  can  preferentially  adsorb  on  the  metal  to  form  a  very  hydrophobic 
film  (one  having  a  sufficiently  high  contact  angle  for  water).  When  such  n 
combination  of  conditions  occurs,  the  metal  becomes  inhibited  or  protected 
from  rusting  by  the  adsorbed  film.  If,  due  to  evaporation  or  drainage,  there 
is  a  clearing  away  of  the  water  layer  at  one  or  more  points  on  the  horizontal 
surface,  the  thin  layer  of  water  breaks  up  to  form  a  number  of  small  drops  or 
pools  exhibiting  the  hydrophobic  contact  angle  with  the  metal  surface  due  to 
the  presence  of  the  adsorbed  monolayer.  The  water  drops  can  be  removed  if 
desired  by  evaporation  or  mechanical  agitation  of  the  metal  parts;  and  even 
if  that  should  consume  much  time,  the  presence  of  the  hydrophobic  film  will 
have  greatly  decreased  the  possibility  of  rusting. 

It  might  be  thought  that  a  1  1  the  above  requirements  could  be  met  by  a 
polar  liquid  like  hexanol  or  pentanol  which,  though  adsorbable  to  form  a  hydro- 
phobic  film, would  also  be  somewhat  soluble  In  water.  On  the  contrary,  these 
are  not  widely  useful  materials,  for  the  adsorbed  films  formed  will  in  general 
evaporate  too  rapidly  leaving  the  metal  without  any  protective  film.  The  most 
permanent  and  most  effective  thin-film  r u s t - i nh i b i t i n g  compounds  have  low  solu¬ 
bilities  in  water,  high  boiling  points,  and  low  rates  of  diffusion  in  solution. 
When  a  water  displacing  fluid  is  used  which  consists  of  a  somewhat  water- 
soluble  polar  solvent  and  a  water  insoluble  polar  rust  inhibitor,  the  latter 
is  carried  into  solution  in  the  water  as  the  fluid  is  sprayed  upon  it.  If 
the  layer  of  wat.er  adhering  to  the  metal  is  reasonably  thin,  enough  molecules 
of  the  inhibitor  are  dissolved  or  dispersed  in  the  water  to  adsorb  on  the  me t n 1 
as  a  hydrophobic  film.  On  the  other  hand,  if  the  polar  solvent  is  too  soluble 
in  water,  it  dissolves  before  it  can  spread  over  the  wa t e r - cove r ed  surface. 

In  such  a  case,  more  efficient  spraying  is  needed  to  cover  all  portions  of  the 
surface. 


E.  Requirements  for  Optimum  Properties 


Previous  research  on  the  relation  of  < 
to  molecular  weight  and  structure  showed  that 


librium  spreading  pressure 
each  homologous  series  of 


Cf. 


footnotes  7  and  9, 


page  4 . 
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TABLE  II 

Equilibrium  Spreading  Pressures,  F  ,  and  Related  Properties  of  Various  Hydrocarbons  and  Miscellaneous  Compound 
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It 

1  oi  “i 
bb  jl  <N 

l* 

3.5 

1.7 

0.  2 

4.6 

-3.0 

-6.0 

-9.0 

-11.8 

9.9 

8.7 

6.9 

6.3 

5.5 

6.9 

4.7 

5  6 

5. 5 

5.4 

6.1 

2.9 

3.2 

5.3 

Percent  solubility 
of  compounds  in 

water  (§  20*^0  * 

_  _  . 

0.01 

0.005 

0.001 

i 

i 

i 

i 

i 

0.08 

0.05 

i 

0.02 

0.006 

i 

i 

i 

i 

i 

i 

i 

i 

Boil ing 
Point 
°C  * 

69.0 

98.5 

125. 8 

99.2  (c) 
174.0 

214.0 

252.5 

287.5 

80.1 

110.7 

1.39.0 

136.2 

159.5 

152.0 

173.0 

168.6 

176.0 

162.0 

176.0 

198.0 

190.0 

169.8 

Me! ting 
Point 

°C  * 

r'-'v 

c 

U) 

^  ©  O  ^ 

rr  o  <o  ©  ©  cn  to  o  ir’  u.  n  3-  o  t>  Q  x  co  O  ,  i  r- 

di  ^  i/)  h  o  h  ri  O'^diHO'oOi^h^N  i  i  lo 

.  •  +  +  •  1  •  • 

• 

*->  /"V 

II. 

5  it 

CD 

E  ^ 

14 

20 

57 

20  (b) 

111 

165 

212  (d) 

230  (d) 

13 

42 

81 

59  (d) 

86  (d) 

102 

126  (d) 

97  (e) 

| 

c 

Aliphatic  Cbrrpounds 

n- Hexane 

re  Heptane 

n- Octane 

Isooctane 

n-IVcane 

n-Ebdecane 

n- Te t radecane 

n-Hexadecarte 

Aromatic  Compounds 

Benzene 

Methyl  benzene  (toluene) 

1.3-Dimethyl  benzene  (m- Xylene) 

Ethyl  benzene 
n-Propyl  benzene 

Isopropyl  benzene  (Cumene) 
sec-Rityl  benzene 
tert-Bjtyl  benzene 

1,3,5-Trimethyl  benzene  fmesitylene) 
p- Ethyl  toluene 

p- Isopropyl  toluene  (p-cymene) 
n-n-ftjtyl  toluene 
tert-Amy!  benzene 

1, 2, 4-Trimethyl  benzene(pseuriocrmene) 
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organic,  poinr,  mono f unc t 1 onal  compounds  the  spreading  pressure  at  room 
temperature  increased  linearly  ns  the  chain  length  decreased  or  as  the  boil¬ 
ing  point  decreased.  Fo  r  such  compounds,  it  is  evident  that  the  spreading 
pressure  Increases  as  the  solubility  in  water  increases.  The  problem,  there¬ 
fore,  of  choosing  the  most  effective  solvent  for  a  wo t e r - d i sp 1 ac i ng  fluid 
involves  compromise  between  several  conflicting  requirements.  Although  the 
lowest  boiling  polar  compounds  iiave  the  highest  spreading  pressures  and 
evaporate  most  rapidly,  they  may  be  too  soluble  in  water  to  spread  well. 

They  also  hove  the  lowest  flash  points  and  are  therefore  the  most  hazardous 
to  use.  On  the  other  hand,  the  highest  boiling  compounds  are  too  slow  to 
evaporate  and  are  too  insoluble  to  displace  water  well. 


III.  DEVELOPMENT  OF  HIGHLY  EFFECTIVE  FLUIDS 

A,  Relation  of  Molecular  Structure  of  Volatile  Liquids  to 
Equilibrium  Spreading  Pressure 

It  is  obvious  that  a  hydrocarbon  solvent  will  give  a  fluid  composition 
having  a  very  low  solubility  in  water.  Adsorption  of  the  inhibitor  through 
an  intervening  layer  of  water  will  be  practically  nil.  There  are  other  dif¬ 
ficulties  in  using  hydrocarbons  with  respect  to  obtaining  high  equilibrium 
spreading  pressures.  These  are  evident  after  a  study  of  the  data  q  f  Table 
II.  The  spreading  ability  of  the  low  molecular  weight  hydrocarbons  is  due 
to  their  volatility  and  condensability.  A  drop  of  the  liquid  spreads  out 
because  the  vapor  from  the  drop  weakly  adsorbs  on  water  and  condenses  to 
form  a  liquid  layer  under  the  cohesive  forces  existing  in  the  adsorbed  film. 
Such  a  substance  therefore  spreads  the  more  rapidly  and  exhibits  the  higher 
spreading  prp:  ire  the  lower  the  boiling  point.  In  Figure  1  are  plotted 
the  spreading  pressures  of  various  aromatic  and  aliphatic  low  molecular 
weight  hydrocarbons  as  functions  of  the  boiling  point  at  atmospheric  pres¬ 
sure.  In  the  case  of  aliphatic  compounds  a  good  linear  plot  also  results 
when  Fq  is  plotted  against  the  chain-length  of  the  longest  chain  Nmax  in 
the  hydrocarbon  molecule  (Figure  2).  The  pure  higher  boiling  point  hydro¬ 
carbons  do  not  spread  on  water  as  can  be  seem  from  Table  II.  The  spreading 
pressure  F  then  becomes  negative.  It  is  interesting  to  note  that,  before 
the  value  of  F^  for  hexadecane  was  measured,  it  was  estimated  by  extra¬ 
polating  the  straight  line  graph  of  the  values  for  the  pentanes  through 
the  octanes.  The  maximum  equilibrium  spreading  pressure  of  hydrocarbon 
solvents  which  are  liquid  at  atmospheric  pressure  and  temperature  is  approxi¬ 
mately  10  dynes/cm.  The  slightly  higher  value  (11.9)  of  Solvesso  #1  in 
Table  II  is  due  probably  to  a  small  concentration  of  either  polar  or  vola¬ 
tile  nonpolar  impurities.  It  is  concluded  that  if  spreading  pressures 
higher  than  10  dynes/cm  are  desired,  polar  solvents  must  be  used. 

A  systematic  search  for  suitable  polar  solvents  was  made  from  among 
those  commercially  available.  As  only  a  few  of  the  necessary  spreading 
pressure  data  were  to  be  had,  the  measurements  were  made  in  a  constant 
temperature  room  using  a  Cenco  “Hydrophil”  film  balance  modified  to  use 
Teflon  end-loops  and  a  piston  film  of  eicosyl  alcohol.  The  distilled 


H.  W.  Fox  and  W.  A.  Zisman,  Pev.  Sci .  Instr. ,  19,  p.  274,  (1948). 
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Figure  2  -  Spreading  Fressure  of  Hydrocarbons  ns  Function  of  Chain  Length 

good  stability,  freedom  from  corrosiveness,  and  low  rate  of  attack  on  many 
of  the  common  plastic  and  insulating  materials.  It  is  seem  that  the  equili¬ 
brium  spreading  pressure  increases  as  the  boiling  point  and  flash  point 
decrease.  A  comparison  of  any  group  of  isomers  shows  this  correlation  well. 
Figures  3  and  4  are  graphs  of  spreading  pressure  at  20°C  vs.  boiling  point 
and  maximum  chain  length  respectively.  In  each  ctiart  a  good  straight  line 
graph  resulted  for  the  unbrnnched  alcohols  when  the  first  few  members  of  the 
series  were  excluded,  and  a  fair  approximation  to  a  straight  line  with 
steeper  slooe  was  obtained  in  Figure  3  for  the  b r anched- ch a i n  alcohols. 
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Figure  3  -  Equilibrium  Spreading  Pressure  vs.  Foiling  Point  for  Aliphatic  Alcohols 
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The  g  renter  deviations  from  linearity  in  the  series  of  branched  alcohols  In 
Figure  4  is  not  surprising  since  those  studied  are  not  a  geometrically  homo¬ 
logous  series  of  compounds. 

A  few  simple  considerations  show  that  the  graphs  of  Figures  3  and  4 
must  bend  over  and  approach  a  horizontal  asymptote  at  low  boiling  points  (or 
low  chain  lengths).  It  was  shown  earlier  that: 


F  =  S  -(S  +  S  ) 

ro  w  '  oa  (in'  ’ 

where  Sw  =  72.8  at  20°C.  In  a  homologous  series  of  organic  polar  compounds, 
Sflfl  approaches  c  limiting  value  S j  ^ m  as  the  molecular  weight  decreases.  But 
under  these  conditions  Sow  often  approaches  zero,  because  in  some  series 
the  lowest  members  are  infinitely  soluble  in  water.  Hence  approaches  a 
value  Fijm  given  by 


F 


1  i  m 


72.  8-S 


1  i  m 


In  the  series  of  aliphatic,  s t ra i gh t - cha i n ,  saturated  alcohols  of  n 

carbon  atoms,  the  values  of  S  are: 

o  a 


n 

Soa(20°c) 

8 

27.  5 

4 

24.  6 

3 

23.  8 

2 

22.  3 

1 

22.  6 

Fence,  S,.  =  22.5  and  F,.  =  72.8-22.5-50.3  dynes/cm,  as  indicated  in  Figures 

1  l  m  i  l  m 

3,  4,  and  5. 

For  a  few  important  branched  aliphatic  alcohols,  S__  has  the  following 

o  ® 

values: 


A1  coho  1 

Sofl  (  20°C ) 

Methyl  hexyl  carbinol 

26 .  5  dyne  s/ cm 

Isoamyl  alcohol 

24.1  11  " 

Tert.  butyl  alcohol 

20.  7  "  " 

Isobutyl  alcohol 

22.8  "  " 

Isopropyl  alcohol 

21.7  11  " 
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I'enct"  Sj  |n)  (lpp«>nH  s  on  branched  type.  Put  Sj|m  is  approximately  20  to  21.  Then 
Fjjm  is  between  51.8  and  52.8  dynes/cm,  end  it  is  close  to  the  limit  for  the 
unlit  Hitched  alcohols. 

On  the  bnsis  of  their  low  flash  points  (under  100°F)  methnnol,  ethnnol, 
propnnol,  2-propanol,  2-ln.tnnol,  2- me t hy 1  -  1  - p ropano 1  nnd  2- me  thy  1  -  2- but snol 
must  be  considered  uns «  t  i  s  f  sc  t  or  y  .  The  homo  1  agues  aho  I  i  <  t-  hexannls  are  too 

low  in  volatility  nnd  probably  are  too  insoluble  in  water.  The  mos  t  suitable 
alcohols  are  those  containing  4,  5,  or  6  carbon  atoms  per  molecule.  In  this 

group  the  equilibrium  spreading  pressures  range  from  38  to  50  dynes/cm,  the 
boiling,  points  from  108  to  195°C,  the  flash  points  from  115  to  165°F,  and 
the  metting  points  from  -108  to  -40°C. 

In  Table  IV  are  the  data  for  aliphatic  ethers  and  e t he r - a  1  coho  1  a .  Here 
the  series  limit  Ft-  for  the  di-n-ethers  is  calculated  to  be  72.8-17=55.8 

I  1!T1 

dynes  'em  ft  20°C.  However,  Figure  5  shows  Fjjffl  cannot  exceed  40.  It  is  very 
likely  that  in  this  series  it  is  incorrect  to  assume  Sow  approaches  zero  in 
the  series  limits  due  to  the  solubility  in  water  not  becoming  infinite.  Since 
for  di-ethers  having  flash  points  above  100°F  the  equilibrium  spreading  pres¬ 
sures  are  all  below  22  dynes'em,  they  do  not  appear  as  promising  as  the  alco¬ 
hols.  However,  the  di-ethers  are  twice  as  s ur face  -  act i ve  as  the  best  of  the 
hydrocarbons,  and  the  graph  of  F0  vs.  boiling  point  is  also  linear  (Figure  5). 
The  mono-ethers  derived  from  ethylene  glycol  (the  "Ce 1 losol ves" )  appear  very 
promising.  The  equilibrium  spreading  pressures  of  methyl,  ethyl,  and  butyl 
cel losol ves  are  all  over  40  dynes'em.  However,  the  rate  of  evaporation  of 
butyl  cellosolve  is  low,  and  the  same  is  true  of  2-ethyl  butyl  cellosolve. 
Diethyl  cellosolve,  with  a  value  of  of  46.7  dynes/cm,  a  high  evaporation 
rate,  and  a  solubility  in  water  of  4  perepnt  is  very  promising  even  though  its 
flash  point  is  only  95°F.  Although  several  ethers  derived  from  diethylene  glycol  (the 
“Cnrbi tol s” )  have  spreading  pressures  of  40  dynes/cm  or  more,  they  are  not  promis ing material  s 
for  this  application  because  of  their  low  rotes  of  evaporation. 

Similar  data  are  given  in  Table  V  and  Figure  5  for  various  aliphatic 
solvents  including  the  simple  ketones,  acetyl  acetone,  acetonyl  acetone, 
acetates,  acc  t  o  ace  t  a  t  e  s  ,  lactates,  carbonates,  and  an  oxalate.  Though  tjie 
low-boiling  ketones,  acetates,  and  ace toace t a t e s  all  have  equilibrium  spread¬ 
ing  pressures  of  35  to  46  dynes/cm,  only  n  few  have  flash  points  above  100°F. 
Hence,  the  only  promising  fluids  in  this  group  are  methyl  amyl  ketone,  acetyl 
acetone,  amyl  acetate,  cellosolve  acetate,  ethyl  ace toace t at e ,  butyl  or  propyl 
1  acetate,  and  possibly  ethyl  or  methyl  carbonate.  Due  to  their  greater  rates 
of  attack  on  rubber  and  plastics,  these  solvents,  with  the  possible  exceptions 
of  the  Inctates  and  carbonates,  have  more  limited  uses  with  electrical  equip¬ 
ment  than  have  the  alcohols.  It  will  be  noted  that  F^  is  again  a  linear  func¬ 
tion  of  the  boiling  point.  The  series  limits  F j .  were  calculated  as  for  the 
alcohols  and  were  found  to  be  49,  49,  and  42  dynes/cm  at  20°C  for  the  n-ketones, 
acetates,  and  a ce t oace t a t e s  respectively. 

One  interesting  problem  concerns  the  possibility  of  adulteration  of  the 
surface  active  liquids  used  for  the  solvent.  The  use  of  an  aliphatic  hydro¬ 
carbon  ( S todda rd- type )  solvent  like  Varsol  ft 1  to  dilute  the  polar  solvent 
and  so  decrease  the  cost  is  an  obvious  possibility.  The  equilibrium  spreading 
pressures  at  20°C  were  measured  for  mixtures  of  butanol  with  10,  20,  30,  40, 


RFSTRICTED 


RESTRICTED 


21 


nnd  50  percent  by  volume  of  one  of  the  hydrocarbon  diluents,  Vnrsol  #1,  cu¬ 
mene,  or  isooctflne.  A  small,  nearly  linear  decrease  with  dilution  was  found 
in  the  equilibrium  spreading  pressures  up  to  concentrations  of  50  percent. 

For  example,  dilution  with  20  percent  of  any  one  of  the  three  hydrocarbons 
decreased  the  pressure  by  only  2.5  dynes/cm.  In  short,  hydrocarbon  dilu¬ 
tions  of  up  to  50  percent  have  a  relatively  unimportant  effect  on  the  equili¬ 
brium  spreading  pressure.  Similar  dilutions  by  a  liquid  more  polar  than  n 
hydrocarbon  would  obviously  cause  an  even  smaller  effect.  The  use  of  such 
diluents  will,  however,  be  limited  to  those  with  adequate  volatility  nnd 
desirable  flash  point.  And  there  is  the  further  and  more  severe  limitation 
imposed  on  nonpolar  diluents  by  the  requirements  of  the  wn t e r - d i sp 1  a c  i  n g 
property. 


B.  Preferential  Wetting  and  Water-Displacing  Ability 

An  experimental  procedure  was  required  to  observe  the  ability  of  a 
drop  of  organic  liquid  to  displace  water  from  steel  or  other  metal  surfaces. 

The  technique  found  most  valuable  was  based  on  the  use  of  a  C'enco  “Hydrophil" 
tray  from  which  the  torsion  head  and  mica  float  had  been  removed.  The  waxed 
tray  was  filled  to  overflowing  with  distilled  water ,  and  a  4x4x 1/8- inch  sheet 
of  polished  and  degreased  18/8  stainless  steel  was  supported  horizontally  on 
several  glass  disc  so  chosen  that  the  upper  surface  of  the  steel  plate  could 
be  within  either  one  or  two  millimeters  of  the  free  surface  of  the  water. 

The  usual  waxed  barriers  were  employed  to  scrape  the  free  surface  clean,  and 
a  0.025-ml  drop  of  the  organic  liquid,  delivered  from  a  0. 1-ml  blood  pipette, 
was  placed  gently  on  the  surface  of  the  water.  If  the  liquid  is  effective 
in  displacing  water,  a  hole  forms  in  the  water  revealing  the  dry  surface  of 
the  steel  plate.  The  diameter  of  the  hole,  which  increases  rapidly  and  attains 
its  maximum  diameter  within  a  few  seconds,  varies  from  approximately  1/2  inch 
to  2-3/4  inches,  depending  on  the  particular  organic  liquid  studied.  The 
diameter  later  decreases  until  eventually  the  steel  surface  is  again  com¬ 
pletely  covered  by  water.  The  time  required  for  the  complete  contraction  of 
the  circular  area  varies  with  the  volatility  and  water  solubility  of  the 
organic  fluid.  Thus  with  propanol  contraction  was  complete  in  five  seconds 
while  with  2- e t hy 1 bu t ano 1  several  hours  were  required.  When  the  organic 
liouid  is  impure,  however,  the  contraction  of  the  disc  is  not  nlwnys  complete. 
Results  attained  in  this  way  are  given  in  Table  VI. 

One  of  the  least  water-soluble  of  the  organic  liquids  ( t e t r ade c ano 1  ) 
did  not  cause  a  water  displacement  of  either  the  one-  or  two - m i  1 1 i me t e r  layers. 
The  most  soluble  liquids  ( 1 i k e  methanol)  caused  some  displacement  of  the  one- 
millimeter  water  layer  but  none  of  the  two- m i 1 1 i me t e r  layer.  As  the  solubil¬ 
ity  in  water  increased  in  each  homologous  series,  the  wa t e r- d i sp 1 ac i n g 
ability  increased  for  both  the  one-  and  the  t wo- mi  1  1 j me t e r  layers.  The  maxi¬ 
mum  water-displacing  ability  for  a  homologous  series  was  more  sharply  defined 
for  the  displacing  of  the  two- m i 1 1 i me t e r  than  of  the  one-mi  1 1 imeter  water 
layer.  If  the  organic  liquid  test  drop  we~e  made  much  larger  or  were  dropped 
from  a  much  greater  height  than  that  indicated,  the  maximum  diameter  of  spread¬ 
ing  and  the  displaceable  thickness  of  the  water  layer  were  increased.  As  the 
liquids  with  the  highest  equilibrium  spreading  pressures  are  also  the  most 
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water- soluble,  it  is  evident  that  there  must  be  a  compromise  between  obtain¬ 
ing  tile  optimum  spreading  ability  upon  water  and  the  optimum  ability  to  dis¬ 
place  water  from  metals. 

These  results  are  in  complete  agreement  with  the  simple  theory  already 
advanced  in  Section  II-D,  The  most  water-soluble  liquids  are  the  least  able 
to  adsorb  from  a  dilute  solution  to  form  a  hydrophobic  film  on  the  metal 
sheet.  The  larger  the  drop  of  organic  liquid,  the  more  concentrated  the 
water  solution  in  the  vicinity  of  the  impact  area.  1'ence,  the  larger  the 
lest  drop,  the  more  effective  the  fluid  in  displacing  thick  layers  of  water. 
Obviously,  increasing  the  specific  gravity  of  the  test  drop  will  increase 

Dp;  I 

the  ability  to  penetrate  and  displace  thick  layers  of  water.  The  effective¬ 
ness  in  displacing  water  would  he  increased  by  using  n  liquid  with  even 
greater  affinity  for  the  metal  than  those  studied  here.  However,  there  is 
danger  of  corrosion,  since  the  most  absorbable  compounds  (such  as  acids) 
are  the  most  reactive. 

On  considering  the  need  for  both  high  spreading  pressure  and  high  water 
displacing  ability,  it  is  concluded  that  of  the  aliphatic  alcohols  studied 
the  best  wa  t  e  r  -  d  i  sp  1  ac  i  rig  fluids  are  those  having  from  four  to  six  carbon 
atoms  per  molecule.  The  best  of  the  cyclic  alcohols  is  furfuryl  alcohol. 

The  best  of  the  available  e t he r - a  1 c oho  1 s  and  ethers  is  butyl  cellosolve,  the 
second  choice  being  diethyl  cellosolve.  Of  the  ketones  methyl  amyl  ketone 
is  best,  and  a  second  choice  is  diisobutyl  ketone.  The  most  satisfactory  of 
all  the  esters  are  butyl  and  propyl  (or  even  ethyl)  lactates,  diethyl  car¬ 
bonate,  and  "cellosolve"  acetate. 

The  advantages  have  already  been  discussed  of  diluting  the  solvent  of 
the  wa t e r - d i sp 1 ac i ng  fluid  with  a  cheaper  nonpolar  fluid,  such  as  a  volatile 
hyd roc  a r bon .  Mixtures  of  1-butanol  with  the  aliphatic  Stoddard  solvent, 
Varsol  ft  1,  were  used  in  the  wa  t  e  r  -  d  i  sp  1  ac  i  ng  experiment  on  a  one- mi  1  1  i  me  t  e  r 
layer  of  water  on  steel.  As  usual  a  test  drop  of  the  organic 
fluid  of  0.025  ml  was  used.  In  Figure  6  the  ordinate  is  the  maxi¬ 
mum  diameter  attained  by  the  hole  in  the  water  layer.  The  ahcissa  is  the 
volume  percent  of  Varscl  #1  in  butanol.  As  csn  be  seen,  even  a  5  percent 
dilution  of  the  butanol  is  sufficient  to  decrease  the  diameter  of  displace¬ 
ment  from  3  inches  to  214  inches,  while  a  10  percent  dilution  decreases  the 
area  nearly  in  proportion  to  the  degree  of  dilution.  Fse  of  from  20  to 
80  percent  of  Varsol  was  equally  effective  in  displacing  the  one-ml  layer  of 
water,  but  the  water-displacing  property  disappeared  rapidly  when  dilutions 
of  over  80  percent  were  used.  The  results  were  not  greatly  improved  when 
the  test  drop  was  released  one  inch  above  the  water  level. 

Sensitivity  to  dilution  limits  the  use  of  hydrocarbon  or  other  water- 
insoluble  diluents.  It  is  concluded  that  a  few  percent  of  volatile  hydro¬ 
carbons  can  be  tolerated,  but  higher  concentrations  will  considerably  de¬ 
crease  the  wa t e r - d i sp 1  a c i ng  property  of  the  fluid.  It  is  possible,  however, 
that  proportions  of  hydrocarbons  or  low-polarity  volatile  liquids  up  to 
15  percent  by  volume  may  he  used  advantageously  as  mutual  solvents  or  coup¬ 
ling  agents  for  the  rust-inhibiting  solute.  Some  loss  in  water-displacing 
ability  can  be  compensated  by  the  use  of  more-wntcr-Hi spl Being  fluid  in 
practical  application. 
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C.  Polar  Compounds  for  Rus t - Inh i b i t  i  ng  Solutes 

There  are  numerous  good  rus t - i nh i bi t i ng  compounds  suitable  for  addi¬ 
tion  to  the  wntrr-displacinii  fluids.  The  classes  of  particular  promise  for 
this  investigation  are: 


(n)  Monoca r box v 1 i c  acids,  such  as  the  lonR-chain  saturated  or  unsatu¬ 
rated  acids,  the  aryl  alkyl  branched  acids,  and  the  naphthenic 
acids) 

(b)  Salts  of  carboxylic  acids,  such  as  the  alkali,  the  alkaline  earth, 
or  the  polyvalent  salts  of  the  acid  in  group  (a); 

(c)  Salts  of  sulfonic  acids,  such  as  the  aliphatic,  the  aromatic,  the 
alkyl  aryl  sulfonates  or  the  petroleum  sulfonates; 

(d)  Salts  of  phosphoric  acid  derivatives,  such  as  salts  of  the  mono- 
and  di-esters  of  phosphoric  acid; 

(e)  Esters  of  carboxylic,  sulfonic,  or  phosphoric  acids  of  groups  ( a ) 

(c) ,  and  (d)  derived  from  alcohols  of  one  to  six  hydroxyls; 

(f)  Ammonium  compounds  of  the  organic  acids  of  groups  fa),  (c),  and 

(d)  reacted  with  an  aliphatic,  cyclic,  or  aromatic  amine; 

(g)  Amine  nitrates,  such  as  the  diisopropyl,  diisobutyl,  and  dicyclo¬ 
hexyl  derivatives. 


The  characteristics  of  these  compounds  as  rust  inhibitors  have  been 
discussed  in  earlier  reports  of  this  Laboratory?  V  Their  addition 

to  the  highly  s u r f ace - ac t i ve  solvents  such  as  butanol,  in  proportions  up 
to  several  percent,  alters  only  slightly  the  equilibrium  spreading  pressure 
of  the  solvent.  This  is  not  surprising  since  such  solutes  and  solvents 
both  have  higi,  spreading  pressures  of  about  the  same  magnitude.  The  result¬ 
ing  solutions  were  used  for  the  comparative  experiments  on  wa t e r - d i sp 1 ac i ng 
and  r us t - i nh i bi t i ng  properties  which  are  described  in  Section  III-E. 


Because  of  their  great  corrosiveness  after  long  contact,  the  inhibi¬ 
tors  of  class  (a)  are  not  suitable  for  use  where  nonferrous  metals  like 
copper,  brass,  lead,  solder,  and  bearing  materials  are  present.  Most  satis¬ 
factory  of  the  inhibitors  of  classes  (b)  and  (c)  are  the  polyvalent  salts 
of  the  long-chain  acids  or  other  h i gh- mo  1 e cu 1  a r - we i gh t  amphipathic  acids. 

The  principal  difficulty  encountered  with  such  compounds  is  their  low  solu¬ 
bility  in  many  of  the  most  suitable  solvents  for  the  wa t e r- d i sp 1 ac i ng  fluid 
composition.  Few  suitable  compounds  of  class  (d) are  commercially  available, 
and  only  those  having  good  hydrolytic  stabilities  are  useful  since  a  mono¬ 
basic  phosphoric  acid  is  more  corrosive  to  the  common  metals  than  are  the 


Cf .  footnotes  1,2,  and  3,  p.  2. 
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carboxylic  acids.  Many  of  the  inhibitors  in  class  (e),  however,  are  very 

satisfactory  because  they  are  cheap  and  are  sufficiently  soluble  in  the 

solvents  used.  The  best  of  those  found  to  date  are  the  fatty  acid  partial 

esters  of  either  a  glycol,  a  glycerol,  a  sorbitol,  a  mannitol,  or  an  anhydro 

sorbitol  or  mannitol.  The  acids  particularly  useful  in  preparing  such  esters 

are  the  .aturated,  the  unsaturated,  or  the  hydroxy  acids  containing  from  12 

to  20  .  " rbon  atoms  per  molecule.  Many  valuable  inhibitors  are  found  in  class 

(f).  These  are  hydrogen-bonded  compounds  formed  by  the  reaction 

of  any  of  the  low-  (or  high-)  molecular-weight  amphipathic  amines 

which  may  be  aliphatic,  naphthenic,  or  aromatic,  with  any  high- 

(or  low-)  mo  1  ecu  1  a r - we i gh t  amphipathic  carboxylic  or  sulphonic  acid.  The 

only  commercially  available  amine  nitrite  inhibitors  of  class  (g)  are  those 

derived  from  diisopropyl,  diisobutyl,  or  dicyclohexyl  amine.  These  are  given 

in  the  order  of  decreasing  volatility.  All  the  nitrites  are  effective  rust 

inhibitors  for  ferrous  metals,  but  they  attack  certain  nonferrous  metals. 

The  effect  on  the  common  nonferrous  metal  has  been  fully  described  in  ear- 

2  1 

lier  work  of  this  Laboratory.  These  inhibitors  will  eventually  volatilize, 

and  the  inhibition  of  the  surface  to  corrosion  will  disappear.  Nevertheless, 
for  some  applications  such  a  temporary  inhibition  may  be  preferable.  Experi¬ 
ments  are  in  progress  on  the  duration  of  corrosion  inhibition  of  steel  by  a 
wa t e r - d i sp 1 ac i ng  fluid  containing • an  amine  nitrate. 

For  these  reasons,  the  most  promising  solvents,  considering  flash  point 
or  melting  point,  evaporation  rate,  equilibrium  spreading  pressure,  and  water- 
displacing  ability,  are: 

(a)  Aliphatic  straight  chain  alcohols,  containing  4,  5,  or  6  carbon 

atoms  and  having  flash  points  over  100°F,  such  as  1-butanol , 
I-pentanol,  3- me  thy  1 -  1- bu t ano 1  ,  2- me  thy  1  -  1- bu t ano 1 ,  3-pentanol, 
and  2- e thy  1  -  1- but anol ; 

(b)  Cyclic  alcohols  such  as  furfuryl  alcohol  or  t e t r ahyd r o f u r f u r y 1 
a  1  coho  1 ; 

(c)  Butyl  cel losolve  or  diethyl  cel losolve; 

(d)  Methyl  amyl  or  diisobutyl  ketone,  or  acetyl  acetone; 

(e)  Amyl  acetate,  "cel losolve"  acetate,  or  ethyl  ace t oac e t a t e ; 

(f)  Butyl,  propyl,  or  ethyl  lactate; 

(g)  Diethyl  carbonate. 


D.  Considerations  of  Effects  on  Plastics 

The  more  volatile  the  solvent,  the  less  will  be  the  effect  on  plastics 
and  insulation.  But  for  the  same  volatility,  there  will  be  a  difference  in 
the  rate  of  attack  depending  on  the  polar  gs^oup.  The  aliphatic  alcohols 
appear  to  be  the  best  group,  with  furfuryl  alcohol,  t e t r ahyd ro f u r f u r y 1  alco¬ 
hol,  the  cellosolves,  the  acetates,  lactates,  ketones,  and  diacetone  alcohol, 
and  the  carbonates  following  in  order  of  decreasing  usefulness.  Considering 
odor,  the  pentanols  and  hexanols  are  preferable  to  the  butanols.  To  save 
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cost,  mixed  C^  ,  Cp,  and/or  C^  aliphatic  al  colio!  s  will  serve  if  the  flash 
points  are  over  100°F  and  if  no  h  i  gli- bo  i  1  i  ng  materials  are  user!.  The  latter, 
of  course,  greatly  increase  the  evaporation  time  of  the  solvent. 

The  more  volatile  of  the  organic  liquids  should  not  be  harmful  when 
rapid  evaporation  of  the  water-displacing  fluid  can  take  place.  An  occa¬ 
sional  application  causing  concern  is  that  where  contact  with  plastics  is 
prolonged  either  by  entrapment  of  the  liquid  or  through  poor  circulation 
of  air. 

E.  Storage  of  Fluids  and  Antioxidants 

During  storage  of  water-displ acing  fluids  it  is  possible  for  serious 
deterioration  to  take  place.  Storage  for  six  months  or  more  may  cause  preci¬ 
pitation  of  rust  inhibitors,  such  a  result  being  common  when  soaps,  naph- 
the nates,  and  sulfonates  are  used.  Storage  test  are  desirable  since  mili¬ 
tary  needs  often  demand  long  shipments  and  extended  storage  times,  some¬ 
times  under  adverse  conditions.  The  atmospheric  oxidation  of  the  solvent  or 
solute  during  storage  may  cause  the  formation  of  undesired  acids,  gums,  and 
precipitates.  As  in  the  storage  of  gasolines  and  oils,  the  rate  of  oxida¬ 
tion  accelerates  rapidly  with  increasing  temperature  so  that  tropical  stor- 
rage  is  a  serious  problem.  Where  the  corrosion  inhibitor  is  a  soap  contain¬ 
ing  any  of  the  more  active  oxidation -accelerating  metals,  the  storage  life 
may  be  much  too  short. 

Accordingly,  the  oxidation  stabilities  of  some  of  the  new  water-displac¬ 
ing  fluid  compositions  were  examined  using  the  standard  gasoline  oxidation 
pressure  bomb  test  ( ASTM  D525-46).  The  usual  50- ml  sample  was  stored  at 
100  psi  and  If  5C‘  and  the  1  ength  of  the  induction  period  was  observed  on  a 
pressure  recorder.  Tests  were  also  made  with  the  prior  addition  to  each 

fluid  of  0.1  percent  by  weight  of  one  of  the  several  well  known  gasoline 

2  2 

antioxidants.  The  results  are  ;  iven  in  Table  VII. 

The  fact  that  1-butanol  has  an  induction  period  of  eight  hours  is  indi¬ 
cative  of  fair  storage  stability.  Contact  with  soap  rust  inhibitors  or  v;  i t h 
catalytic  metais  like  lead,  copper,  or  iron  will  shorten  the  induction  period. 
If  experience  with  the  storage  stability  of  gasoline  is  indicative,  however, 
the  one-year  storage  problem  will  not  be  severe.  No  detrimental  effect 
resulted  from  dilution  with  aliphatic  hydrocarbon  solvents;  instead,  the 
induction  period  was  increased  to  30  nours.  The  addition  of  cumene  somewhat 
decreases  the  induction  period.  The  response  to  the  addition  of  any  ihe 

tv  ell  known  gasoline  antioxidants  was  excellent,  and  it  is  evident  that  the 
addition  of  0.1  percent  by  weight  either  of  PX441,  24M6F,  l'OP4  or  POPS  is 

sufficient  for  storage  purposes.  This  holds  true  even  with  the  addition  to 
the  fluid  composition  of  1  percent  by  weight  of  any  of  the  classes  of  polar- 
type  rust  inhibitors  described  in  Section  III-C,  Of  the  polar  inhibitors, 
the  amine  nitrite  had  the  greatest  effect  in  depressing  the  induction  period. 


D.  Lowry,  Jr. ,  Oil  and  Gas  J.  46, 


pp  . 


211-215,  (1948) 
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TABLE  VII 

Summary  of  Oxidation  Tests  on  Wa t e r - D i sp 1 nc i n g  Fluids 
(Using  Pressure  Bomb  Test  ASTM  D525-46) 

(Temp.  I00°C,  Initial  Pressure  100  ±  2  psi) 


Test 

No. 

Composition  of  Wa  t  e  r  -  Di  sp  1  a  c  i  n  g  Fluid 

Induct  ion 
Period  ( hrs  ) 

1 

1 -Butanol 

8 

2 

1  -Butanol  +  0.1%  PX441 

>48 

3 

1-Butanol  +  0.1%  24M6B 

>216 

4 

50%  1-Butanol  +  50%  Varsol 

30 

5 

50%  "  +49.9%  "  +0.1%  PX441 

>48 

6 

50%  ”  +  50%  cumene 

7W 

7 

50%  "  +49.9%  "  +0.1%  PX441 

13V4 

8 

50%  "  +  25%  Vnrsol  +  24.9%  cumene  +  0.1%  24M6B 

10 

9 

50%  ’’  +  25%  Varsol  +  24.9%  cumene  +  0.1%  PX441 

11 

10 

98.9%  1-Tutanol  +  1%  glyceryl  mono  8r.  di  oleate  +  0.1%  PX441 

>216 

11 

98.9%  "  +  1%  dicyclohexyl  ammonium  nitrite  +  0.1%PX441 

31 

12 

98.9%  "  +  1%  ciodecyl  anmonium  laurate  +  0.  1%  PX441 

>72 

13 

98.9%  ”  +1%  sorbitan  monooleate  +  0.1%UOP4 

>72 

14 

98.9%  2-F.thyl-l-butanol  +  1%  glyceryl  mono  8r.  di  oleate  +  0.1% 

UOP5 

>72 

15 

50%  1-Butanol  +  25%  Varsol  +  23.9%  cunene  +  1%  glyceryl 

mono  and  di  oleate  +  0.1%  24M6B 

22 

16 

50%  1-Butanol  +  25%  Varsol  +  23.9%  cumene  +  1%  glyceryl 

mono  and  di  oleate  +  0.1%  PX441 

20 

17 

78.9%  1-Butanol  +  20%  Varsol  +  1%  active  ingredient  of 

barium  naphthenate  +  0. 1%  PX441 

>72 

18 

77.9%  1-Butanol  +  20%  Varsol  +  1%  active  ingredient  of 

barium  petroleum  sulfonate  +  0.1%  PX441 

>  72 

Key  to  Antioxidants: 

PX441  =  2 , 6 - Di t e r t i a ry bu t y 1 ,  4  -  me  thy i pheno 1 

24M6B  *  2, 4 -Dimethyl  ,  6-tertiary  butylpher.ol 

UOP4  =  N-Bu ty l aminopheno 1  +  small  amount  of 
UOP5  =  Di - s ec - bu t y 1 -p - ph eny 1 ened i am i n e 


butylphenylenediamine 
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This  in  no  doubt  due  to  the  instability  of  such  compounds  at  temperatures  as 
high  ns  100°C',  and  the  oxidation  bomb  test  may  have  been  too  severe. 

It  is  believed  that  an  induction  period  of  24  hours  is  ample  for  any 
expected  storage  conditions.  Hence,  usually  not  over  0.1  percent  of  one  of 
these  antioxidants  is  needed.  Except  when  1  percent  of  an  amine  nitrite, 
or  when  much  over  1  percent  of  a  rust  inhibitor,  is  used,  from  0.02  to  0.05 
percent  of  the  antioxidant  will  suffice.  Such  low  antioxidant  concentrations 
are  economical  and  should  not  make  the  wa t e r- d i sp 1 ac i ng  fluid  corrosive  to 
the  common  metals.  Long-term  storage  and  corrosion  tests  have  been  started. 


F.  Some  Promising  Compositions 

The  most  promising  solvents  found  to  date  for  use  in  preparing  highly 
effective  wa t e r - d i sp 1 ac i n g  fluids  are  in  order  of  preference:  1-butanol, 

1-pentanol,  3- me t hy I  -  1 - bu t ano 1 ,  2- me t hy 1  -  1 - bu t ano 1 ,  2-ethyl  butanol,  butyl 

cellosolve,  methyl  amyl  ketone,  butyl  lactate,  and  diethyl  carbonate.  Any 
one  of  these  diluted  with  up  to  20  percent  of  Varsol  #1  or  equivalent  Stoddard 
solvent  will  be  less  effective  in  water-displacing  ability  but  will  still  be 
better  than  present  commercially  available  fluids.  The  ru s t - i nh i b i t i ng 
solutes  are  glyceryl  olentes,  sorbitan  oleates,  salts  of  high-molecular- 
weight  naphthenic  acids,  salts  of  h 1 gh- mo  1  ecu  1  a r- we i gh t  petroleum  sulphonic 
acids,  h i gh- mo  I  ecu  1  a r - we i pht  ammonium  compounds  like  dodecyl  ammonium  laurate, 
and  ammonium  nitrites  such  as  d i eye  1 o hexyl-,  diisopropyl-,  and  diisobutyl 
ammonium  nitrite.  The  nitrites  are  recommended  where  it  is  desired  to  have 
left  no  residual  film  some  days  after  drying  and  standing.  The  concentration 
of  polar  rust  inhibitor  recommended  for  general  use  is  1  percent.  Higher 
concentrations  are  desirable  only  where  long-term  or  outdoor  storage  will 
follow  use  of  l  <■  wa  t  e  r- d  i  sp  1  ac  i  ng  fluid.  Any  one  of  the  four  antioxidants 
described  in  the  preceding  section  (see  Table  VII)  will  behave  satisfacto¬ 
rily,  and  a  concentration  of  from  0.025  to  0.10  percent  will  suffice  for 
most  uses. 


Of  the  compositions  shown  in  Table  VIII,  certain  ones  are  recommended 
for  immediate  testing  and  use  as  water-displacing  fluids.  Fluids  1,  2,  3, 

and  7  are  recommended  for  tests  on  electrical  equipment.  Fluids  R,  9  and 
10  are  recommended  if  a  higher  flash  pqint  is  important  enough  to  justify 
slower  evaporation  rates. 

IV.  LABORATORY  EVALUATION  OF  WATER- DI SPLAC INC  FLUIDS 
A.  Effectiveness  of  One-Drop  Test 

A  simple  experiment  was  devised  to  observe  the  comparative  water- 
displacing  characteristics  of  the  organic  fluids  using  thin  layers  of  water 
on  horizontal  surfaces  of  cold- rolled  steel.  Specimens  3- cm  square  were 
cut  from  1'32-incb  SAE  1020  steel  sheet,  carefully  polished  with  5/0  sand¬ 
paper,  and  then  degreased  by  one  or  more  boiling  treatments  in  cp  benzene 
followed  by  one  in  cp  ethyl  ether.  So  prepared,  the  metal  surfaces  remained 
uniformly  wet  when  dipped  into  and  r  »  moved  from  distilled  water. 

The  wet  panels  were  placed  in  a  horizontal  position.  Then, using  a 
5-ml  hypodermic  syringe,  fitted  wit!  a  No.  25  stainless  steel  needle,  a  0.02-ml 
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TADLEVI  I  I 


Fluid  No. 

Solvent 

Di  1 uen  t 

Ruat  Inhibitor 

Vi > tToxTcTant  anc! 
Concentration 

I  . 

1-Butanol 

None 

1%  glycers  1  mono- 
and  di-r<  elite 

PX441 ;  0.025% 

2 

1 -Butanol 

15% 

Varsol  7*  1 

II  ♦'  II 

It 

*  1 

3 

1 -Butanol 

30% 

Varsol*  1 

It  II  II 

it 

It 

4 

1-Butanol 

15% 

Varsol*  ’ 

1%  laphthenate 

Zn  Barium  or 

Strontium 

tt 

0.05% 

5 

t»  it 

Varsol *  1 

1%  Ca  or  Ba  petroleum 
sul  fonates 

It 

0.05% 

(> 

n 

15% 

Varsol  *  1 

1%  Dodecyl ammonium 
laurate  or  dicyclo¬ 
hexyl  anmonium  laurate 

it 

ft 

7 

•»  it 

None 

Dicyclohexyl  ammonium 
nitrite 

M 

0.10% 

8 

2-Ethyl-l- 

Butanol 

None 

Glyceryl  mono-  and  di- 
oleate 

• 

0.025% 

9 

Butyl  cellosolve 

None 

Glyceryl  mono-and  di- 
oleate 

M 

0.05% 

10 

Fur  fury  1  alcohol 

None 

It  it  tt  n 

tt 

0.05% 

Note:  Varsol #  1  is  a  Stoddard  type  solvent  in  the  boiling  range  315-385°F  having  a 

minimum  flash  point  of  100°F. 

drop  of  the  fluid  was  immediately  allowed  to  fall  on  the  center  of  the  speci¬ 
men  from  a  height  of  1  cm.  After  thirty  seconds,  the  maximum  diameter  of 
the  dry  area  was  noted.  In  the  case  of  1-butanol,  the  spreading  drop  pushed 
back  the  water  layer  to  form  a  dry  circular  area  3  cm  in  diameter. 

After  the  drop  of  solvent  had  evaporated,  the  dry  area  contracted  until 
the  entire  area  was  again  wetted  by  water.  If  the  solvent  contained  a  small 
proportion  of  a  higher  boiling  organic  impurity,  the  dry  area  cohtracted  more 
or  less  completely  depending  on  the  nature  and  amount  of  the  impurity.  If 
the  solvent  contained  one  of  the  polar  rust  inhibitors  of  high  molecular 
weight,  the  dry  area  did  not  contract  at  all.  This  is  a  simple,  sensitive, 
one-drop  test  for  freedom  from  high  boiling  or  polat  hydrophobic  film-forming 
impurities. 

Plot*  :d  in  Figure  7  is  the  maximum  diameter  of  the  area  of  water  dis¬ 
placed  on  wet  steel  vs.  the  eouilibrium  spreading  pressure  on  water  for  many 
of  the  solvents  studied  in  this  investigation.  Due  to  inadequate  control  of 
the  test  drop  sire,  much  scattering  of  the  graphical  points  is  evident,  but 
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obviously  the  points  cluster  about  the  indicated  straight  line.  From  this 
it  is  seen  that  the  fluids  studied  can  be  separated  into  two  classes.  One 
class  of  fluids  exhibits  relatively  high  spreading  pressures  on  water  (20 
dynes/cm  or  more)  and  also  is  the  most  effective  in  displacing  water  films 
from  steel  surfaces.  This  class  included  many  hydrophilic  types  such  as 
the  alcohols,  cellosolves,  ketones,  carbitols,  acetatps,  acetoacetntes,  and 
ethers.  The  other  class  exhibits  low  spreading  pressures  on  water  (10  dynes/cm 
or  less)  and  is  the  least  effective  in  wo t e r - d i sp 1 ac eme n t  from  steel.  This 
class  includes  aliphatic  or  aromatic  hydrocarbons,  petroleum  solvents,  and 
the  52-C-18  specification  fluids  examined  to  date. 

The  diameter  of  the  d i sp 1  need • wa t e r  area  on  steel  from  one  drop  of  the 
wa t e r • d i sp I ac i ng  fluid,  in  which  a  good  rust  inhibitor  has  been  dissolved, 
is  shown  in  Table  IX.  Here  again,  1-butanol  containing  r u s t - i nh i bi t i ng  addi¬ 
tives  exhibited  the  greatest  spreading  tendencies  of  any  of  the  fluids  ex¬ 
amined.  In  this  tes-t,the  thinness  of  the  layer  of  water  on  the  steel,  and 
the  momentum  given  the  drop  by  releasing  from  a  height  of  1  cm,  together 
emphasize  the  importance  of  the  equilibrium  spreading  pressure  and  subordi¬ 
nate  the  importance  of  water  solubility. 


B.  Further  Tests  on  Rust  Preventive  Properties 

The  rus t - i nh i b i t i ng  property  of  the  adsorbed  film,  left  after  the 
evaporation  of  a  drop  of  the  solvent  (approximately  0.02  ml),  was  measured 
by  placing  a  drop  of  distilled  water  (approximately  0.02  ml)  in  the  middle 
of  the  dry,  film-covered  area.  Thereafter  the  steel  specimen  was  covered 
with  a  Petri  dish  to  retard  evaporation  of  the  water  drop.  Since  the  sur¬ 
face  of  the  specimen  was  covered  with  a  hydrophobic  film,  the  water  drop 
formed  a  definite  contact  angle  at  the  water-film  interface  and  did  not 
spread  or  run  off  the  specimen.  Where  rusting  did  not  occur  quickly,  water 
was  added  to  the  drop  each  24  hours,  thus  compensating  for  losses  by  evapo¬ 
ration.  The  times  required  for  rusting  to  begin  are  shown  in  Table  IX. 

It  will  be  noted  that  the  time  protection  is  afforded  by  the  film  var¬ 
ies  with  the  concentration  of  inhibitor.  The  durability  of  the  film  does 
not  increase  linearly  with  the  concentration  of  inhibitor,  and  rapidly 
diminishing  returns  set  in  for  1  percent  or  more  of  the  inhibitor.  No  satu¬ 
ration  occurs,  however,  so  that  the  durability  with  5  percent  of  the  inhibi¬ 
tor  may  be  approximately  50  percent  greater  than  for  1  percent  The  appropriate 
concentration  must  be  determined  by  practical  considerations  such  as  cost, 
service  needs,  and  tolerance  for  thick  long-lasting  films  on  equipment.  Exclud¬ 
ing  the  amine  nitrites,  no  important  differences  are  discernible  among  the 
different  h i gh- mo  1  ecu  1  a r- we i gh t  inhibitors  of  Classes  A,  B,  C,  E,  and  F. 
Considerations  such  as  solubility  in  the  organic  base  of  the  water-di spl ncing 
fluid  and  cost  will  determine  which  compounds  sre  used.  The  effectiveness 
of  amine  nitrites  increases  rapidly  as  concentration  is  increased  from  0. 1 
percent  to  0.5  percent,  but  a  concentration  of  0.5  percent  or  more  is  recom¬ 
mended.  The  optimum  concentration  will  have  to  be  determined  by  future 
experience  and  the  time  required  for  complete  evaporation. 

Another  practical  test  on  the  r us t - i nh i b i t i n g  properties  of  the  resi¬ 
dual  films  was  carried  out  using  the  fog  cabinet  method  developed  by  this 
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Laboratory.  '  Polished  SAE  1020  steel  specimens  lWx3xl/8  were  degreased, 
dipped  in  distilled  water,  and  then  suspended  vertically.  Using  a  small  nasal 
atomizer,  each  was  promptly  sprayed  with  2  ml  of  the  wa te r - d i sp 1 ac i ng  fluid. 
After  drainage  and  evaporation  of  the  solvent  and  water,  the  dry,  film-coated 
specimens  were  tested  in  the  fog  cabinet  at  100°F.  Using  this  method,  2  per¬ 
cent  by  weight  of  ten  different  inhibitors  were  tested  in  1-butanol,  and  the 
time  reauired  for  first  appearance  of  rust  is  shown  in  Table  IX. 

It  is  seen  that  glyceryl  mono-  and  dioleate  uml  sarbi tan  mono- o 1 e a t e 
failed  last  (120  hours),  while  the  first  to  fail  (48  hours)  were  the  amine 
nitrites,  the  dode cy 1 ammon i urn  leurate,  and  the  eye  1 ohex y 1 ammon i urn  2-ethyl 
caproate.  Apparently,  any  of  thr  iterials  tested  gives  ample  protection 
in  the  fog  cabinet  test. 


C.  Tests  on  Water-Soaked  Electric  Motor-Generators 

Practical  tests  were  conducted  in  which  electrical  equipment  was  sub¬ 
merged  in  synthetic  sea  water  (Table  X)  for  several  hours,  after  which  the 
equipment  was  restored  by  using  one  of  the  wa t e r- d i sp 1 ac i ng  compositions 
described  here.  A  motor-generator.  was  submerged  in  the'  synthetic  sea 
water  at  approximately  75°F  for  one  week.  It  was  then  removed  and  dipped 
three  times  successively  (about  five  minutes  each)  in  city  water  to  wash 
away  as  much  as  possible  of  the  inorganic  salts.  Excess  water  was  then 
removed  by  blowing  with  compressed  air  for  about  ten  minutes. 

Using  a  power  sprayer  (of  the  type  commonly  used  in  service  stations 
for  spraying  oil  on  automobile  chassis  and  springs),  the  equipment  was  then 
sprayed  with  800  ml  of  a  solution  consisting  of  99.5  percent  technical 
n- butanol  and  0.5  percent  by  weight  of  a  mixture  of  glyceryl  mono-  and  di¬ 
oleate.  In  order  to  speed  the  subsequent  drying  process,  the  mo t o r - gene r a t o r 
was  then  blown  with  hot  air  for  30  minutes. 

The  carbon  brushes  in  electric  motors  and  generators  wear  excessively 
when  returned  to  service  after  having  been  in  prolonged  contact  with  sea 
water.  In  order  to  prevent  this,  it  was  deemed  advisable  to  install  new 
brushes.  Also,  the  lubricant,  usually  a  sodium  soap  grease,  is  emulsified 
and/or  dissolved  when  in  contact  with  sea  water.  Hence,  the  bearings  were 
cleaned  and  repacked  with  new  grease  before  returning  the  equipment  to 
service. 


Cf.  footnote  3,  page  2. 

23  H.  R.  Baker  and  D.  T.  Jones,  “The  NRL  Fog  Cabinet,  the  Army  and  Navy 
Aeronautical  Specification  Humidity  Cabinet  and  their  use  in  testing  and 
rust  inhibition  of  lubricants  and  rust  preventives,"  NRL  Report  No.  C-3100,  July  1947. 

2  4- 

Type  ZD  (115-volt,  a-c  motor  and  30-volt,  10-ampere,  d-c  generator)  made 
by  the  Diehl  Manufacturing  Company,  Elizabeth,  New  Jersey. 

26  Using  "Heat  Gun”,  Type  C,  made  by  Black  and  Decker  Manufacturing  Company, 
Towson,  Maryland.  Maximum  air  temperature:  200°F. 
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TABLE  X 

Composition  of  Synthetic  Sea  Water 


A.  Preparation  of  Stock  Solutions  for  Synthetic 

Sea  Water 

Stock  Solution  No.  1 

MgCl  .  6H  0 

2  2 

3889.2 

gms 

CaCl  (anhydrous) 

405.55 

tt 

Sr  Cl  .  6H  0 

14.  79 

ft 

Dissolve  and  dilute  to  seven 

liters 

Stock  Solution  No.  2 

KC1 

486.15 

gm9 

NaHCO 

140.73 

>t 

KBr  3 

70.35 

?• 

H  BO 

19.  04 

tt 

NaF 

2.  10 

n 

Dissolve  and  dilute  to  seven 

li ters 

B.  Preparation  of  Synthetic  Sea  Water 

NaCl 

245. 34 

gms 

Na  SO 

40.94 

tt 

2  4 

Dissolve  in  a  few  liters  of  water 

Stock  solution  No.  1  200  ml 

Stock  solution  No.  2  100  ml 

• 

Dilute  to  ten  liters  and  adjust  the  pH  to  8. 

2  with  0.1 

normal  Na  CO  . 

Only  a  few  milliliters  of  the  carbonate  solution 

will  be  required  if  pure 

chemicals  are  used. 
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Remittance  reedinit  between  the  tratturt  and  (round,  and  between  field 
coil  and  (round  were  taken  and  compared  with  thote  taken  before  submersion. 
Since  the  readin(t  made  after  restoration  were  not  unduly  lower  than  the 
ori(inal  readin(t,  the  motor  was  started  at  a  low  voltage  and  allowed  to  run. 
The  volta(e  was  increased  slowly  to  as  to  warm  up  the  armature  and  field 
coils  (radually  and  to  hasten  the  evaporation  of  the  butyl  alcohol -water  mix¬ 
ture.  Within  one  hour  the  voltage  had  been  raised  to  normal.  The  motor 
(enerator  was  then  allowed  to  run  for  48  hours  under  its  rated  load  of  ISO 
watts.  At  this  ata(e  of  the  test  the  resistances  had  returned  to  thin  10 
percent  of  those  noted  before  submersion.  The  equipment  was  stored  for  six 
months,  and  it  was  then  found  that  no  sl(nificant  rusting  had  occurred. 
Insulation  was  in  good  condition.  The  motor- gene  rater  was  operated  satis¬ 
factorily  at  this  time  and  again  after  storage  for  a  year  and  a  half. 

The  same  reclaiming  procedure  was  used  on  a  motor  control7"  and  another 

7  ? 

mo to r- gene rator  outfit.  They  were  istmeraed  in  sea  water  for  a  week,  re¬ 
moved  and  washed  three  times  successively  with  fresh  water,  blown  with  air, 
sprayed  with  the  same  wat er • di sp I ac i ng  fluid,  and  dried  with  the  hot-air 
blower. 

It  is  interesting  to  note  that  while  checking  the  resistances  prior 
to  assembly  for  operation  it  was  discovered  that  a  550-ohm  resistor  in  the 
motor  control  gave  a  reading  of  40,000  ohms.  On  further  examination  an  air 
hole  was  found  to  extend  from  the  outer  surface  through  the  pitch  coating 
and  insulating  material  .to  the  core  of  the  resistor.  Through  this  opening 
sea  water  had  coma  into  contact  with  the  fine  resistance  wire  and  corroded 
it  so  badly  that  it  had  been  severed  in  several  places.  The  resistor  was 
replaced  and  the  assembly  was  started  and  allowed  to  run  for  48  hours  as 
previously  described.  The  entire  outfit  was  again  immersed  in  sea  water 
for  one  week  and  was  then  reclaimed  without  any  trouble.  Thus,  in  order  to 
use  this  material,  the  equipment  must  be  in  at  least  mechanical  working  order 
at  time  of  recovery.  After  storage  for  six  months  no  serious  rusting  had 
occured  and  the  apparatus  operated  normally.  And  it  was  still  operating 
s a t i s f ac t o r i I y  after  storage  for  a  year  and  a  half. 


D.  Discussion  of  Commercially  Available  Fluids 

In  the  past  two  years  the  nuabrr  of  commercially  available  water- 
displacing  fluids  passing  Specification  52-C-I8  Grade  III  has  increased 
from  two  to  seventeen.  These  are  being  produced  by  twelve  different  manu¬ 
facturers.  Some  of  the  analytical  data  available  on  these  products  as  of 
June  1948  are  summarised  in  Table  XI.  The  flash  points  of  five  fluids  are 
below  120°F.  four  are  above  125°F.  while  the  average  flash  point  is  122°F. 
All  but  three  fluids  have  pour  points  below  -208F.  Except  for  one  fluid, 
the  percentage  of  volatiles  is  between  60  and  81  percent,  the  average 
being  70  percent.  The  percentage  of  nonvolatile  material  varies 


7 "Te a i gna t ed  "Marine  Control”  (1.5  IP,  115  volts  dc)  and  made  by  Cutler- 
Hammer,  Inc. ,  Milwaukee,  Wisconsin. 

51Type  H  (115-volt,  d-c  motor  and  1-K,  115-volt,  a-e  generator)  made  by 

Al I i s • Cha 1 ma r s  Manufacturing  Company,  Milwaukee,  Wisconsin. 
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from  18  percent  to  55  percent,  the  average  being  30  percent.  This  is  to 
be  contrasted  vith  the  new  fluids  described  here  which  contain  approximately 
1  percent  of  nonvolatile  matter.  The  percentage  of  ash  varied  from  0.05  to 
3.3  percent  with  an  average  of  0.9  percent.  The  neut ral i xat ion  number 
varied  from  0.0S  to  7.3  with  an  average  of  1.8.  The  saponification  number 
varied  from  1.0  to  46.0,  but  the  results  are  so  widely  distributed  as  to 
make  an  average  of  little  use.  It  is  difficult  to  say  much  about  the 
nature  of  the  nonvolatile  constituents  from  these  data.  Values  of  the 
neut ral i xat ion  number  may  be  influenced  by  the  presence  of  many  other  com¬ 
pounds  besides  acids,  such  as  heavy  metal  salts  of  organic  acids,  phenols, 
and  readily  aaponifiable  esters. 

From  the  data  available  on  percent  ash,  percent  lead,  neutralisation 
number,  and  s apon i f i ca t i on  number,  it  is  concluded  that  the  rust  inhibitors 
and  other  polar  compounds  present  in  these  fluids  are  one  or  more  of  the 
following  h i gh- mo  I  ecu  I  a r - we i gh t  materials:  Sodium  petroleum  sulfonates, 
esters  of  fatty  acids,  or  soaps  of  carboxylic  acids  derived  from  fatty  acids 
or  from  petroleum  acids.  The  specific  gravity  of  the  solvent  varied  from 
0.76  to  0.87,  but  all  except  three  were  under  0.80.  At  60°F  the  specific 
gravity  of  the  entire  composition  varied  from  0.81  to  0.90.  From  the  data 
on  the  distillation,  aniline  point,  and  specific  gravity  of  each  solventt 
it  is  concluded  that  all  the  solvents  used  are  essentially  aliphatic  hydro¬ 
carbons  in  the  Soddard  solvent  range,  except  in  those  compositions  supplied 
by  manufacturers  designated  in  Table  XI  as  P,  Q,  and  R  which  contain  some 
aromatic  hydrocarbons.  P  being  the  most  aromatic. 

Measurements  were  made  of  the  wa t e r - dl sp I ac i ng  ability  of  each  of 
these  fluids  employing  the  wa t e r- d i sp I  segment  test  described  in  Section  IIIB. 
Not  one  of  the  commercial  fluids  was  able  to  displace  from  steel  a  2-ml  layer 
of  water.  Kith  a  1-ml  layer,  only  fluid  K  (Table  XI)  was  able  to  effect 
the  small  water  displacement  of  from  1/2-  to  3/4-inch  diameter. 

Because  of  its  Insolubility,  a  little  talc  spread  upon  the  surface  of 
water  ia  useful  in  observing  the  spreading  of  films  such  as  used  here.  Fach 
of  the  seventeen  fluids  caused  rapid  formation  of  a  film  on  water  which 
readily  pushed  talc  particles  away  from  the  point  of  impact  of  the  test  drop. 
Evidently,  all  but  one  of  these  fluids  are  too  Insoluble  in  water  to  displace 
more  than  an  extremely  thin  layer. 

These  commercial  fluids  were  developed  primarily  as  rus t -prevent  1 ve 
compositions,  and  the  high  percentage  of  nonvolatiles  f 3ft  percent  on  the 
average)  and  the  residual  film  of  from  0.0002-  to  0. 0003-inch  thickness 
(see  Table  X)  are  necessary  to  give  to  steel  high  resistance  to  weathering. 

It  is  not  aupriatng  that  they  are  inefficient  wa te r • d i sp I ac i ng  fluids.  It 
it  believed  that  a  separate  specification  Is  needed  for  wo t e r- d i sp I ac i ng 
fluids  of  high  water-displacing  ability.  The  fluids  developed  here  are  in¬ 
tended  primarily  to  get  optimum  wa t e r • d I sp I acemeu t  and  the  minimum  non¬ 
volatile  residue  consistent  with  reasonable  rust  prevention.  The  residual 
coating  will,  therefore,  not  give  steel  or  Iron  as  high  resistance  to  severe 
weathring  as  the  *2-C-18  Grade  UI  fluids.  It  it  possible,  however,  to 
inctease  the  percentage  of  r us t • i nh i b I t i ng  solute  in  the  recommended  fluids 
tnd  thus  to  increase  considerably  the  protection  against  weathering. 
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V.  SUMMARY 


This  Document 
Reproduced  From 

Available  Copy 


(a)  The  basic  principles  of  operation  of  *a ter- di sp I aci ng  and  rust* 
inhibiting  fluids  have  been  outlined.  This  has  permitted  the 
development  of  more  effective  sa t e r- di spl ac i ng  fluids. 

(b)  A  number  of  new  classes  of  wa te r -d i *p I ac i ng  fluids  have  been  pre- 
pared,  and  laboratory  measurements  have  established  their  superior* 
i ty  over  available  fluids. 

(c)  A  suitable  method  has  been  devised  to  salvage  submerged  equipment 
(electric  motors,  starters,  generators)  without  dismantling  or  dia* 
assembling  it.  In  general,  however,  it  will  be  advisable  to  replace 
carbon  brushes  and  regrease  ball  bearings. 

(d)  In  order  for  this  method  to  be  effective,  it  is  assentin'  that 
apparatus  be  capable  of  withstanding  the  attack  of  sea  rer  in 
the  absence  of  air  and  be  mechanically  workable  at  the  ti'-e  of  the 
reconditioning  procedure. 

(e)  The  new  fluids  recommended  are  not  intended  to  serve  equally  well 
every  purpose  for  which  Specification  52-C- IS  was  written.  Except 
in  erne rgenc i es , they  should  be  used  only  where  highly  effective  water* 
displacement  it  needed.  They  have  the  disadvantage  of  higher  cost 
than  the  52-C- 18  fluids  and  so  are  not  recommended  for  use  where 

a  rus t - pre ven t i ve  coating  is  the  principal  requirement. 

VI.  RECOMMEhDATIOfiS 

(a)  The  method  herein  described  for  reclaiming  submerged  electrical 
and  mechanical  equipment  should  be  given  full-scale  tests  where 
facilities  are  available  for  submerging,  washing,  spraying,  drying, 
and  then  operating  the  equipment.  A  variety  of  equipaient  embody* 
ing  different  types  of  construction  should  be  used  for  these  tests. 

(b)  It  is  recommended  that,  in  tiret  tests,  attention  be  directed 
toward  compositions  using  fluids  I. 2, 3, 7,  and  8  of  Table  VIII. 

(c)  It  is  recommended  that,  before  formal  adoption  of  any  of  these  new 
fluids,  the  Bureau  of  Medicine  and  Surgery  be  requested  to  evaluate 
the  comparative  health  hazards  of  the  new  solvents  and  of  those 
used  in  present  Specification  52-C-1B  compositions. 

(d)  The  displacement  test  on  a  i*mm  water  layer  on  steel  and  the  method 
of  measuring  equilibrium  spreading  pressure  of  the  solvent  are  recom¬ 
mended  as  tests  for  both  the  Specification  52-C-  18  Grade  III  liquids 
and  the  n<w  fluids. 

(e)  If  the  fluids  described  here  prove  more  effective  and  more  practic¬ 
able  in  wa t e r- d I sp I acemen t  than  the  present  Specification  52-C- 18 
fluids  (purchased  as  "Compound,  Rust  Preventative,  Th in- Fi Inf  ) , 

it  is  recommended  they  be  purchased  through  a  new  specification, 
“■Tompound ,  *ater-Displacing.M 
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